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Abstract: Background: Immune-related adverse events (irAEs) are inflammatory side effects, which
can occur during immune-checkpoint(s) inhibitors (ICIs) therapy. Steroids are the first-line agents to
manage irAEs because of their immunosuppressive properties. However, it is still debated whether
or when steroids can be administered without abrogating the therapeutic efforts of immunotherapy.
Methods: We retrospectively evaluated 146 patients with metastatic non-small cell lung cancer
(NSCLC), melanoma and renal cell carcinoma (RCC) treated with ICIs. We assessed the progression-
free survival (PFS) of patients treated with steroids due to an irAE compared to a no-steroid group.
Results: The early treatment with steroid (within the first 30 days from the beginning of immunother-
apy) was not related to a shorter PFS (p = 0.077). Interestingly, patients who were treated with
steroids after 30 days from the start of immunotherapy had significantly longer PFS (p = 0.017). In a
multivariate analysis, treatment with steroids after 30 days was an independent prognostic factor
for PFS (HR: 0.59 [95% CI 0.36–0.97], p = 0.037). Conclusions: This retrospective study points out
that early systemic steroids administration to manage irAEs might not have a detrimental effect on
patient clinical outcome in NSCLC, melanoma and RCC patients.

Keywords: immunotherapy; immune checkpoint inhibitors; steroid; irAEs; non-small cell cancer;
renal cell cancer; melanoma; biomarkers

1. Introduction

Therapeutic intervention with monoclonal antibodies (mAb) that target immune-
checkpoint(s) inhibitors(ICIs) is a new and rapidly evolving anti-cancer strategy that is
providing profound clinical efficacy in a proportion of cancer patients with several tumor
histotypes [1,2]. ICIs are molecules of coinhibitory signaling pathways that act to preserve
immune tolerance, yet they are often utilized by cancer cells to elude immunosurveillance.
Thus, ICIs are designed to strengthen antitumor immune responses by interrupting coin-
hibitory signaling pathways and to promote the immune-mediated elimination of cancer
cells. Due to their mechanism of action, ICIs can induce inflammatory side effects known as
irAEs, which are unique and different from those of conventional anticancer therapies [3].

Steroids, due to their immunosuppressive properties, are the first-line agents for man-
aging irAEs that may arise during, or following, treatment with ICIs. Steroids exert their
immune-modulatory effects by acting on T cell activation, differentiation, and migration [4],
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suppressing the IL-2-mediated activation of effector T cells [5] and increasing regulatory
T-cells [6]. Steroids can alter patients’ microbiome [7] and promote M2 macrophage po-
larization [8]. As a result, steroids exhibit an immune-suppressive action and are hereby
associated with worse clinical outcomes when used concurrently in patients treated with
anti-programmed death-1 (anti-PD-1) or anti-programmed death ligand-1 (anti-PD-L1) [9].
Furthermore, their use represents an exclusion criterion from most of the ICIs clinical trials.
More specifically, 10 mg daily of prednisone-equivalent is the usual permitted steroid dose
within clinical studies [10], since doses ≥ 10 mg of prednisone daily are associated with an
increased risk of infection [11] and are thus considered immunosuppressive.

However, even if the detrimental effect observed in clinical outcomes from ICIs could
have biological plausibility in light of the steroid immunosuppressive activity, the strength
and reliability of the relationship have only been extrapolated from retrospective/post
hoc analyses [12]. Moreover, a significant association with worse overall survival (OS) has
only been confirmed for baseline steroids administered for the palliation of cancer-related
indications such as dyspnea, pain or fatigue, and symptomatic brain metastases [9,12–15].
Nevertheless, the use of steroids even at doses ≥10 mg to manage cancer-unrelated indica-
tions, such as autoimmune disease, did not affect ICIs’ efficacy [12,16,17]. More intriguingly,
the use of steroids, even at high doses for the treatment of irAEs, was not associated with a
worse clinical outcome in patients with melanoma [18] and NSCLC [19]. Thus, the role of
steroid administration during treatment with ICIs is still controversial. In light of these
observations, we conducted an observational study to evaluate the impact on outcome of
steroid use for the treatment of irAEs in metastatic NSCLC, RCC and melanoma patients
treated with checkpoint inhibitors.

2. Results
2.1. Patient Characteristics

Between March 2016 and March 2020, a total of 146 patients with metastatic NSCLC
(n = 67), melanoma (n = 46) and RCC (n = 33) were treated with ICIs (either nivolumab,
atezolizumab or pembrolizumab, depending on the histology of the tumor) at our Medical
Oncology Unit, Careggi University Hospital (Florence, Italy). Table 1 summarizes patients’
clinical features.

The average age of enrolled patients at the start of immunotherapy was 67 years,
ranging between 27 to 91 years; 67.1% (n = 98) were male, and 32.9% (n = 48) were female.
The most frequent cancer was NSCLC (45%), followed by melanoma and RCC.

Overall, 93 patients (63.7%) received nivolumab in monotherapy, 42 received pem-
brolizumab (28.8%) and lastly 11 patients (7.5%) received atezolizumab. Sixty-three patients
(43.2%) received ICI as a first line of therapy. Overall, nine patients achieved complete
response (CR) (6.2%), 19 partial response (PR) (13.04%), 43 stable disease (SD) (29.5%) and
the remaining 75 patients experienced progressive disease (PD) (51%).

A total of 41 patients (28.1%) were treated with steroids for an irAE during treatment
with ICIs. None of the patients was treated with baseline steroid >10 mg/day prednisone
or an equivalent for palliative reasons.

2.2. Profile of Steroids Treatment

As mentioned above, roughly 30% of patients were treated with steroids due to
an irAE occurring during treatment with ICIs (data are reported in Table 2). Baseline
clinical features between patients with or without irAEs treated with steroids were not
significantly different.

In total, patients who required steroid therapy experienced irAEs from six different
classes: eight (19.5%) developed pneumonia, nine (22.0%) developed colitis, nine (22.0%)
developed skin reactions, nine (22.0%) developed endocrine-related events, five (12.2%)
developed rheumatologic events, and one patient (2.4%) developed hepatitis.
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Table 1. Clinical features of the study population.

Characteristics No. of Patients (n = 146)

Sex

Male 98 67.1%
Female 48 32.9%

Age, years

Average 67
Median 70
Range 27–91

Tumor

NSCLC 67 45.9%
Melanoma 46 31.5%

RCC 33 22.6%

Therapy line

1 63 43.2%
2 70 47.9%
3 10 6.8%
4 3 2.1%

Immune checkpoint inhibitors

Nivolumab 93 63.7%
Pembrolizumab 42 28.8%
Atezolizumab 11 7.5%

Outcome

CR 9 6.2%
PR 19 13.0%
SD 43 29.5%
PD 75 51.4%

Steroid treatment during immunotherapy

Yes 41 28.1%
No 105 71.9%

NSCLC = non-small cell lung cancer; RCC = renal cell cancer; CR = complete remission; PR = partial response;
SD = stable disease; PD = progressive disease.

The steroid dose was 0.5–1 mg/kg/day prednisone (or equivalent methylprednisolone)
in 25 patients (61.0%) and >1 mg/kg/day for 16 patients (39.0%). Prednisone was the
most commonly used molecule (80.5%), followed by methylprednisolone (19.5%). The
duration of steroid treatment was <14 days for 21 patients (51.2%) and >14 days for
20 patients (48.8%).

The cumulative dose of steroids (mg/kg for the days of treatment) was less than
500 mg in 25 patients (61.0%) and more than 500 mg in 16 patients (39.0%).

According to the CTCAE grades v. 4.0, registered irAEs were mainly grade 2 (we do
not include irAEs grading 1 since these toxicities usually do not need steroid treatment)
and have been included in a “non-serious AE” subgroup (75.6%). Ten patients (24.0%)
developed a “serious” irAE (grade 3 or grade 4). Five patients (12.1%) discontinued ICIs
treatment due to toxicity. We did not register any deaths due to toxicity.

We registered nine irAEs (22.0%) that occurred within the first 30 days of immunother-
apy (we called this group “early steroid treatment”), while the irAEs that occurred after
30 days of therapy (“late steroid treatment”) were 32 (778.0%). In Table 3, we describe the
type of irAEs divided by the onset time.
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Table 2. Characteristic of steroids treatment and irAEs.

Characteristics of Steroids Treatment and irAEs No. of Patients (n = 41)

Cumulative dose of steroid

<500 mg prednisone or equivalent 25 61.0%

>500 mg prednisone or equivalent 16 39.0%

Dose of steroid mg/kg

Prednisone 0.5–1 mg/kg/day (or equivalent of
methylprednisolone) 25 61.0%

Prednisone >1 mg/kg/day (or equivalent of
methylprednisolone) 16 39.0%

Molecule

Prednisone 33 80.5%
Methylprednisolone 8 19.5%

Duration of treatment

<14 days 21 51.2%
>14 days 20 48.8%

Type of irAEs treated with steroids

Pneumonitis 8 19.5%
Colitis 9 22.0%

Skin reactions 9 22.0%
Endocrine-related events 9 22.0%

Rheumatologic events 5 12.2%
Hepatitis 1 2.4%

irAEs grade (CTCAE v 4.0)

Non-serious (CTCAE grade 2) 31 75.6%
Serious (CTCAE grade 3–4) 10 24.4%

Patients who discontinued ICIs due to toxicity

ICI discontinued 5 12.1%
ICI continued 36 87.8%

Time of steroid treatment

Early steroid treatment (first 30 days of immunotherapy) 9 22.0%
Late steroid treatment (after 30 days of immunotherapy) 32 78.0%

Table 3. Type of irAEs divided by onset time.

irAEs Type

Onset Pulmonary Colitis Hepatitis Cutaneous Rheumatologic Endocrine Total

Late 4 (13.3%) 8 (26.7%) 1 (3.3%) 5 (16.7%) 3 (10.0%) 9 (30.0%) 30 (100%)

Early 4 (36.4%) 1 (9.0%) 0 (0.0%) 4 (36.4%) 2 (18.2%) 0 (0.0%) 11 (100%)

Total 8 (19.6%) 9 (21.9%) 1 (2.4%) 9 (21.9%) 5 (12.3%) 9 (21.9%) 41 (100%)
No significant difference in the occurrence of steroid treatment between different tumors (p = 0.192) and different
ICIs (p = 0.671) was observed.

2.3. Relationship between Steroids Treatment and Patient Outcome

PFS did not show any significant difference between the group of patients treated with
steroids and the one without steroid therapy (p = 0.161). Moreover, no differences were
found when patients were analyzed when comparing the administered steroid dose (more
than 1 mg/kg/day, p = 0.166), the duration of steroid treatment (more than 14 continuous
days, p = 0578) or the cumulative dose (more than 500 mg, p = 0.578).

Treatment with steroids due to an irAE within the first 30 days from the beginning
of immunotherapy was not related to a shorter PFS (p = 0.358), while the late steroid
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group had significantly longer PFS (p = 0.045). The median PFS of the patients treated
with steroids during the first 30 days was 152 days, while the median PFS of the patients
not treated with steroids was 194 days (Figure 1). One of these “early steroid” patients
discontinued immunotherapy due to toxicity.

Figure 1. Association between steroid treatment for an irAE during the first 30 days of immunother-
apy (“early treatment”), after 30 days (“late treatment”) and outcome in patients treated with anti-PD-
1/PD-L1. Late steroid treatment pts vs. non-steroid pts: log-rank p = 0.045; early steroid treatment
pts vs. non-steroid pts: log-rank p = 0.358). Kaplan–Meier graphs of PFS. PFS = progression-free
survival; pts = patients.

Interestingly, patients who were treated with steroids for the occurrence of an irAE
after 30 days from the start of immunotherapy (defined as “late steroid treatment”) had
significantly longer PFS (p = 0.045). The median PFS of the patients treated with steroids
after the first 30 days was 304 days (IQR 214—not reached) (Figure 1).

3. Discussion

The unique immune-activating mechanism of action of ICIs can be responsible for
toxicities that result from the loss of self-tolerance and can therefore generate a plethora of
auto-inflammatory events potentially involving any organ [20–22]. IrAEs can result from
the exacerbation of a pre-existing autoimmune condition or from the induction of a new
inflammatory syndrome [21,22].

IrAEs most frequently affect the skin, the gastrointestinal tract, the endocrine glands,
the lungs and the liver. They rarely affect the nervous system, kidney, blood, muscles,
joints, heart or eyes [21,23].

The therapeutic strategy depends on the irAEs’ severity grade, defined according
to CTCAE 4.0. Usually, grade 1 events, and sometimes at a physician’s judgement even
grade 2, do not require specific therapies but only symptomatic treatment [16,20]. On
the other hand, the management of grade 3 or 4 AE requires moderate or high-dose
systemic glucocorticoids (typically oral prednisone 1 mg/kg or equivalent or parenteral
formulations) [16,21]. The steroid dose may depend on the affected organs. For example,
arthralgia induced by ICIs is typically managed with lower doses (0.2–0.4 mg/Kg/day)
compared with colitis or pneumonitis, which often require the administration of higher
doses (0.7–1.0 mg/Kg/day) [21,24]. To maintain an anti-inflammatory effect and avoid
irAE relapse, the dose of steroids should be given daily (preferably in the morning) until
irAE resolution and must be then tapered gradually. Generally, a full-dose steroid treatment
is usually given for 2–3 weeks, then decreased over 4–6 weeks and lastly withdrawn [21,24].

It is well known that steroid use might impair the activity of ICIs, due to its rec-
ognized immunosuppressive activity [20]. Steroids’ immune-suppressive mechanisms
may act through the inhibition of the production of inflammatory mediators by immune



Molecules 2021, 26, 5789 6 of 10

cells including cytokines (interleukin 1 (IL-1), IL-6, Tumor Necrosis Factor (TNF) and
prostaglandins (PGE-2) [25,26]. Steroids induce the resolution of inflammation, with an
increase in the secretion of anti-inflammatory factors (IL-10 and Tumor Growth Factor
(TGF)-β) by M2 macrophages and the increased phagocytosis of apoptotic cells. They
also have effects on the adaptive immune system, suppressing CD4+T cell activation by
modulating dendritic cell function and promoting the polarization of T helper (Th) cells,
with the preferential differentiation of Th2 and T regulatory (Treg) cells and the inhibition of
Th1 and Th17 cells. Moreover, preclinical experiences have shown that the administration
of dexamethasone, whether given alone or together with anti-PD-1 therapy, leads to a
considerable reduction of circulating CD4+ and CD8+ T cells [27]. In the same preclinical
models, anti-PD-1 monotherapy resulted in significantly longer tumor doubling times,
thus reducing the tumor volume compared to the control group treated with steroids [28].
More specifically, dexamethasone alone and the anti-PD-1 + dexamethasone combination
treatment group exhibited similar results on tumor growth. Furthermore, steroids enhance
the expression of PD-1 on T-cells, thereby impairing the function of activated T lympho-
cytes [28]. Finally, steroids induce apoptosis in hematological cells, giving strong support
to their use to treat leukemias, lymphomas and myeloma [28,29]. On the contrary and
for the same reasons, steroids at the beginning of immunotherapy, inhibiting the immune
cascade, might impair the activation of an efficacious antitumor immune response [28,30].

In our analysis, we did not find any difference in PFS in patients treated with steroids
compared to the non-steroid group. This was even true for patients who received high doses
of steroids (more than 1 mg/kg). The literature about the impact of steroid administration
while on ICIs is controversial. Two retrospective studies, conducted among patients
affected by NSCLC, reported that baseline steroids administration was associated with
a lower Objective Response Rate (ORR) and a worse PFS and OS with anti-PD-1/PD-L1
treatment [9,21,31].

However, some retrospective analyses have reported encouraging data about the use
of steroids and the maintenance of the effectiveness of ICIs therapy. A retrospective study
of 650 patients with NSLC treated with immunotherapy has shown that negative effects
on efficacy outcomes were only seen for cancer-related indications and not for non-cancer-
related indications [21,32]. More specifically, mPFS and mOS were only significantly shorter
among patients who received ≥10 mg prednisone for palliative indications compared with
patients who received ≥ 10 mg for cancer-unrelated reasons and with patients receiving
0 to <10 mg of (mPFS, 1.4 vs. 4.6 vs. 3.4 months, respectively; log-rank p < 0.001 across the
three groups; mOS, 2.2 vs. 10.7 vs. 11.2 months, respectively; log-rank p < 0.001 across the
three groups). There was no significant difference in mPFS or mOS in patients receiving
steroids for non-palliative indications compared with patients receiving 0 to <10 mg of
prednisone [21,32]. Interestingly, the median duration of steroid use was longer for cancer-
unrelated indications, advising that the duration of steroid use before the initiation of ICI
therapy does not impair anticancer efficacy [21,32].

Furthermore, in a retrospective study of 424 patients with advanced NSCLC treated
with single ICI, 49 patients received steroids within the first eight weeks after the start of ICI
therapy. In the 11 patients receiving steroids for non-palliative indications, the main cause
for administrations were irAEs and exacerbations of chronic pulmonary obstructive disease
(COPD) [21,33]. Patients receiving steroids for palliative indications had a lower median
OS time (1.9 months) relative to those receiving steroids for other indications (3.4 months).
Early steroids use for cancer-related symptoms proved to be an independent prognostic
factor for OS [HR 4.53; 95% CI = 1.84–11.12; p < 0.0001] [21,33]. A meta-analysis including
16 studies with 4045 patients treated with ICIs confirmed that the use of steroids to manage
adverse events did not impact OS, in contrast to their administration for disease-related
symptoms, where both PFS and OS were impaired [16,21]. It is known that early steroid
use for cancer-related symptoms has proven to be an independent prognostic factor for OS
[NR 4.53; 95% CI = 1.84–11.12; p < 0.0001] [21,33].
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The question raised by these analyses is whether the worst outcome associated with
the administration of baseline steroids for palliative reasons is due to the frailty of patients
or is due to the immunosuppressive function of steroids that impair the creation of a strong
immune response in the patient.

In our analysis, when we compared the patients’ PFS by the onset of the steroid
treatment (early vs. late), we did not find significantly shorter PFS in patients treated
with steroids due to an irAE that occurred within the first 30 days from the start of
immunotherapy. However, a meta-analysis including 16 studies with 4045 patients treated
with ICIs confirmed that the use of steroids to manage adverse events did not impact OS, in
contrast to their administration for disease-related symptoms, where both PFS and OS were
impaired [16,21]. However, a previous retrospective analysis did not specifically report the
outcome of a patient who received an early (first 4–8 weeks) administration of steroids to
treat irAEs. Thus, to our knowledge, our data are the first to show that an early steroid
administration to treat irAEs that occur early after the start of immunotherapy does not
have a detrimental impact on patient prognosis.

Moreover, we reported that patients who were treated with steroids due to an irAE
occurring 30 days after the beginning of immunotherapy had significantly longer PFS
(p = 0.017). Importantly, this association was confirmed in a multivariate analysis, and to
our knowledge this is the first study to indicate that the development of irAEs treated
with steroids represents an independent predictor of ICIs’ efficacy. Intriguingly, a po-
tential association with better prognosis in patients reporting irAEs has been previously
described [34–36], thus balancing the immunosuppressive effect of steroid use. This is
an important message to clinical oncologists, underlying the relevance of a rapid and
appropriate steroid treatment in patients who experience irAEs precisely due to their better
prognosis. The interpretation of our study results is mainly limited by its retrospective
nature, the heterogeneity and the low number of the sample of patients. However, despite
these limitations, our study might provide interesting and confirmatory results for previous
reports, which could be helpful in the clinical management of patients treated with ICIs.
A prospective study with larger and more homogeneous cohorts is required to confirm
our findings.

4. Materials and Methods
4.1. Patients

We retrospectively analyzed data from 146 patients treated with ICIs at the Medical On-
cology Unit, Careggi University Hospital (Firenze, Italy) from March 2016 to March 2020.

Patient inclusion criteria included age >18, a histologically confirmed diagnosis of
metastatic NSCLC, melanoma or RCC and treatment with ICIs. Patients were treated with
nivolumab, atezolizumab or pembrolizumab, depending on the histology subgroups and
therapy line. Patients received treatment either until disease progression or excessive toxicity.

All occurring irAEs and data about their grade and their management with steroid
treatment, including the type of steroid used, dosage and duration of therapy, were
recorded in accurate case histories. The worst toxicity grades per subject will be tab-
ulated for AEs and on-study laboratory measurements by using the National Cancer
Institute (NCI) Common Terminology Criteria for Adverse Events (CTCAE) version 4.0.
All patients had a measurable disease according to the Response Evaluation Criteria in
Solid Tumors (RECIST v 1.1) [37], and the disease progression was confirmed 4 to 8 weeks
later after first radiologic evidence of PD in clinically stable patients according to the
immune (i)-RECIST [37].

All patients signed an informed consent form for the ICIs treatment reporting the
possible occurrence of AEs and their registrations in clinical records. This study was
conducted by adhering with the World Medical Association Declaration of Helsinki and
was independently reviewed and approved by the Independent Ethics Committee (IEC)
for Clinical Trials of the Tuscany Region (approval No.: 17332_oss). All patient data were
managed in anonymity and de-identified prior to analysis.
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4.2. Statistical Analyses

Estimates of PFS in the steroid and steroid naïve groups of patients or different
subgroups were calculated using the Kaplan–Meier method, and statistical significance
was examined via a log-rank test. A significance level of p < 0.05 was used for statistical
analyses. The univariate analysis and the Cox proportional hazard model were employed
to calculate the hazard ratios (HRs) and appropriate 95% CIs. Afterward, the independent
effect of each parameter on PFS was investigated by a multivariate Cox regression model.
All data were analyzed using the statistical software Jamovi (version 1.6, Sidney, Australia).

5. Conclusions

Even with some intrinsic limitations, our study may provide a valuable clinical mes-
sage to oncologists. We produce interesting findings regarding the lack of association
between exposure to steroids for cancer-unrelated indications and worse outcomes from
anti-PD1/PD-L1. Our results are in line with those of some previous retrospective analyses
reporting that the introduction of steroids within the first eight weeks of ICI therapy in
patients with advanced NSLCL had no detrimental impact on the prognosis if the indica-
tion for steroid use was not related to cancer symptoms. Remarkably, despite our overall
results being derived from only a single center study and from a small sample size of
patients treated for early irAEs, they certainly reassure one about the use of steroids during
immunotherapy and point out that systemic steroids administered to manage irAEs might
not have a detrimental effect on the patient clinical outcome.

We are planning to further assess the possible detrimental effect of baseline steroids
on immunotherapy clinical outcomes and to prospectively validate our retrospective data
about the absence of a negative association between the use of steroids for the management
of irAEs and the efficacy of ICIs.

Author Contributions: Conceptualization A.P., L.A.; Interpretation of data: D.L., F.M., E.G. (Elisa
Giommoni), A.A.; Data curation, R.G., C.B., M.B.; Writing—original draft preparation, A.P., E.G.
(Elisabetta Gambale); Writing—review & editing, S.P., S.B.; Supervision, L.A., M.M.C. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted in accordance with the World
Medical Association Declaration of Helsinki and independently reviewed and approved by the
Regional Ethics Committee for Clinical Trials of the Tuscany Region (approval no.: 17332_oss).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data available on request from the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

Sample Availability: Not applicable.

References
1. Topalian, S.L. Targeting Immune Checkpoints in Cancer Therapy. JAMA 2017, 318, 1647–1648. [CrossRef] [PubMed]
2. Lavacchi, D.; Pellegrini, E.; Palmieri, V.E.; Doni, L.; Mela, M.M.; Di Maida, F.; Amedei, A.; Pillozzi, S.; Carini, M.; Antonuzzo, L.

Immune Checkpoint Inhibitors in the Treatment of Renal Cancer: Current State and Future Perspective. Int. J. Mol. Sci. 2020,
21, 4691. [CrossRef]

3. Ramos-Casals, M.; Brahmer, J.R.; Callahan, M.K.; Flores-Chávez, A.; Keegan, N.; Khamashta, M.A.; Lambotte, O.; Mariette,
X.; Prat, A.; Suárez-Almazor, M.E. Immune-related adverse events of checkpoint inhibitors. Nat. Rev. Dis. Prim. 2020, 6, 38.
[CrossRef] [PubMed]

4. Libert, C.; Dejager, L. How Steroids Steer T Cells. Cell Rep. 2014, 7, 938–939. [CrossRef] [PubMed]
5. Bianchi, M.; Meng, C.; Ivashkiv, L.B. Inhibition of IL-2-induced Jak-STAT signaling by glucocorticoids. Proc. Natl. Acad. Sci. USA

2000, 97, 9573–9578. [CrossRef]
6. Chen, X.; Oppenheim, J.J.; Winkler-Pickett, R.T.; Ortaldo, J.R.; Howard, O.M.Z. Glucocorticoid amplifies IL-2-dependent expansion

of functional FoxP3+CD4+CD25+ T regulatory cellsin vivo and enhances their capacity to suppress EAE. Eur. J. Immunol. 2006,
36, 2139–2149. [CrossRef] [PubMed]

http://doi.org/10.1001/jama.2017.14155
http://www.ncbi.nlm.nih.gov/pubmed/28885639
http://doi.org/10.3390/ijms21134691
http://doi.org/10.1038/s41572-020-0160-6
http://www.ncbi.nlm.nih.gov/pubmed/32382051
http://doi.org/10.1016/j.celrep.2014.04.041
http://www.ncbi.nlm.nih.gov/pubmed/24856295
http://doi.org/10.1073/pnas.160099797
http://doi.org/10.1002/eji.200635873
http://www.ncbi.nlm.nih.gov/pubmed/16841298


Molecules 2021, 26, 5789 9 of 10

7. Tetel, M.J.; De Vries, G.J.; Melcangi, R.C.; Panzica, G.; O’Mahony, S.M. Steroids, stress and the gut microbiome-brain axis.
J. Neuroendocr. 2018, 30, e12548. [CrossRef] [PubMed]

8. Sica, A.; Mantovani, A. Macrophage plasticity and polarization: In vivo veritas. J. Clin. Investig. 2012, 122, 787–795. [CrossRef]
9. Arbour, K.C.; Mezquita, L.; Long, N.; Rizvi, H.; Auclin, E.; Ni, A.; Martínez-Bernal, G.; Ferrara, R.; Lai, W.V.; Hendriks, L.E.L.;

et al. Impact of Baseline Steroids on Efficacy of Programmed Cell Death-1 and Programmed Death-Ligand 1 Blockade in Patients
with Non–Small-Cell Lung Cancer. J. Clin. Oncol. 2018, 36, 2872–2878. [CrossRef]

10. Larkin, J.; Minor, D.; D’Angelo, S.; Neyns, B.; Smylie, M.; Miller, W.H., Jr.; Gutzmer, R.; Linette, G.; Chmielowski, B.; Lao,
C.D.; et al. Overall Survival in Patients with Advanced Melanoma Who Received Nivolumab Versus Investigator’s Choice
Chemotherapy in CheckMate 037: A Randomized, Controlled, Open-Label Phase III Trial. J. Clin. Oncol. 2018, 36, 383–390.
[CrossRef]

11. Wolfe, F.; Caplan, L.; Michaud, K. Treatment for rheumatoid arthritis and the risk of hospitalization for pneumonia: Associations
with prednisone, disease-modifying antirheumatic drugs, and anti–tumor necrosis factor therapy. Arthritis Rheum. 2006, 54,
628–634. [CrossRef]

12. Cortellini, A.; Tucci, M.; Adamo, V.; Stucci, L.S.; Russo, A.; Tanda, E.T.; Spagnolo, F.; Rastelli, F.; Bisonni, R.; Santini, D.; et al.
Integrated analysis of concomitant medications and oncological outcomes from PD-1/PD-L1 checkpoint inhibitors in clinical
practice. J. Immunother. Cancer 2020, 8, e001361. [CrossRef]

13. Lin, R.J.; Adelman, R.D.; Mehta, S.S. Dyspnea in Palliative Care: Expanding the Role of Corticosteroids. J. Palliat. Med. 2012, 15,
834–837. [CrossRef]

14. Paulsen, Ø.; Klepstad, P.; Rosland, J.H.; Aass, N.; Albert, E.; Fayers, P.; Kaasa, S. Efficacy of Methylprednisolone on Pain, Fatigue,
and Appetite Loss in Patients with Advanced Cancer Using Opioids: A Randomized, Placebo-Controlled, Double-Blind Trial.
J. Clin. Oncol. 2014, 32, 3221–3228. [CrossRef] [PubMed]

15. Ryken, T.C.; McDermott, M.; Robinson, P.D.; Ammirati, M.; Andrews, D.W.; Asher, A.L.; Burri, S.H.; Cobbs, C.S.; Gaspar, L.E.;
Kondziolka, D.; et al. The role of steroids in the management of brain metastases: A systematic review and evidence-based
clinical practice guideline. J. Neuro-Oncol. 2009, 96, 103–114. [CrossRef] [PubMed]

16. Petrelli, F.; Signorelli, D.; Ghidini, M.; Ghidini, A.; Pizzutilo, E.G.; Ruggieri, L.; Cabiddu, M.; Borgonovo, K.; Dognini, G.; Brighenti,
M.; et al. Association of Steroids Use with Survival in Patients Treated with Immune Checkpoint Inhibitors: A Systematic Review
and Meta-Analysis. Cancers 2020, 12, 546. [CrossRef]

17. Fucà, G.; Galli, G.; Poggi, M.; Russo, G.L.; Proto, C.; Imbimbo, M.; Ferrara, R.; Zilembo, N.; Ganzinelli, M.; Sica, A.; et al.
Modulation of peripheral blood immune cells by early use of steroids and its association with clinical outcomes in patients
with metastatic non-small cell lung cancer treated with immune checkpoint inhibitors. ESMO Open 2019, 4, e000457. [CrossRef]
[PubMed]

18. Horvat, T.; Adel, N.G.; Dang, T.-O.; Momtaz, P.; Postow, M.A.; Callahan, M.K.; Carvajal, R.D.; Dickson, M.A.; D’Angelo, S.P.;
Woo, K.M.; et al. Immune-Related Adverse Events, Need for Systemic Immunosuppression, and Effects on Survival and Time to
Treatment Failure in Patients with Melanoma Treated with Ipilimumab at Memorial Sloan Kettering Cancer Center. J. Clin. Oncol.
2015, 33, 3193–3198. [CrossRef]

19. Leighl, N.; Gandhi, L.; Hellmann, M.D.; Horn, L.; Ahn, M.-J.; Garon, E.B.; Hui, R.; Ramalingam, S.S.; Zhang, J.; Lubiniecki, G.;
et al. Pembrolizumab for NSCLC: Immune-mediated adverse events and corticosteroid use. J. Thorac. Oncol. 2015, 10, S233.

20. Martins, F.; Sofiya, L.; Sykiotis, G.P.; Lamine, F.; Maillard, M.; Fraga, M.; Shabafrouz, K.; Ribi, C.; Cairoli, A.; Guex-Crosier, Y.; et al.
Adverse effects of immune-checkpoint inhibitors: Epidemiology, management and surveillance. Nat. Rev. Clin. Oncol. 2019, 16,
563–580. [CrossRef] [PubMed]

21. Aldea, M.; Orillard, E.; Mansi, L.; Marabelle, A.; Scotte, F.; Lambotte, O.; Michot, J.-M. How to manage patients with corticosteroids
in oncology in the era of immunotherapy? Eur. J. Cancer 2020, 141, 239–251. [CrossRef] [PubMed]

22. Puzanov, I.; Diab, A.; Abdallah, K.; Bingham, C.O.; Brogdon, C.; Dadu, R.; Hamad, L.; Kim, S.; Lacouture, M.E.; LeBoeuf, N.R.;
et al. Managing toxicities associated with immune checkpoint inhibitors: Consensus recommendations from the Society for
Immunotherapy of Cancer (SITC) Toxicity Management Working Group. J. Immunother. Cancer 2017, 5, 95. [CrossRef] [PubMed]

23. Bertrand, A.; Kostine, M.; Barnetche, T.; Truchetet, M.-E.; Schaeverbeke, T. Immune related adverse events associated with
anti-CTLA-4 antibodies: Systematic review and meta-analysis. BMC Med. 2015, 13, 211. [CrossRef] [PubMed]

24. Maughan, B.L.; Bailey, E.; Gill, D.M.; Agarwal, N. Incidence of Immune-Related Adverse Events with Program Death Receptor-1-
and Program Death Receptor-1 Ligand-Directed Therapies in Genitourinary Cancers. Front. Oncol. 2017, 7, 56. [CrossRef]
[PubMed]

25. Coutinho, A.E.; Chapman, K.E. The anti-inflammatory and immunosuppressive effects of glucocorticoids, recent developments
and mechanistic insights. Mol. Cell. Endocrinol. 2011, 335, 2–13. [CrossRef] [PubMed]

26. Luo, Y.; Zheng, S.G. Hall of Fame among Pro-inflammatory Cytokines: Interleukin-6 Gene and Its Transcriptional Regulation
Mechanisms. Front. Immunol. 2016, 7, 604. [CrossRef] [PubMed]

27. Giles, A.J.; Hutchinson, M.-K.; Sonnemann, H.M.; Jung, J.; Fecci, P.E.; Ratnam, N.M.; Zhang, W.; Song, H.; Bailey, R.; Davis, D.;
et al. Dexamethasone-induced immunosuppression: Mechanisms and implications for immunotherapy. J. Immunother. Cancer
2018, 6, 51. [CrossRef] [PubMed]

http://doi.org/10.1111/jne.12548
http://www.ncbi.nlm.nih.gov/pubmed/29024170
http://doi.org/10.1172/JCI59643
http://doi.org/10.1200/JCO.2018.79.0006
http://doi.org/10.1200/JCO.2016.71.8023
http://doi.org/10.1002/art.21568
http://doi.org/10.1136/jitc-2020-001361
http://doi.org/10.1089/jpm.2011.0260
http://doi.org/10.1200/JCO.2013.54.3926
http://www.ncbi.nlm.nih.gov/pubmed/25002731
http://doi.org/10.1007/s11060-009-0057-4
http://www.ncbi.nlm.nih.gov/pubmed/19957014
http://doi.org/10.3390/cancers12030546
http://doi.org/10.1136/esmoopen-2018-000457
http://www.ncbi.nlm.nih.gov/pubmed/30964126
http://doi.org/10.1200/JCO.2015.60.8448
http://doi.org/10.1038/s41571-019-0218-0
http://www.ncbi.nlm.nih.gov/pubmed/31092901
http://doi.org/10.1016/j.ejca.2020.09.032
http://www.ncbi.nlm.nih.gov/pubmed/33212339
http://doi.org/10.1186/s40425-017-0300-z
http://www.ncbi.nlm.nih.gov/pubmed/29162153
http://doi.org/10.1186/s12916-015-0455-8
http://www.ncbi.nlm.nih.gov/pubmed/26337719
http://doi.org/10.3389/fonc.2017.00056
http://www.ncbi.nlm.nih.gov/pubmed/28421161
http://doi.org/10.1016/j.mce.2010.04.005
http://www.ncbi.nlm.nih.gov/pubmed/20398732
http://doi.org/10.3389/fimmu.2016.00604
http://www.ncbi.nlm.nih.gov/pubmed/28066415
http://doi.org/10.1186/s40425-018-0371-5
http://www.ncbi.nlm.nih.gov/pubmed/29891009


Molecules 2021, 26, 5789 10 of 10

28. Maxwell, R.; Luksik, A.S.; Garzon-Muvdi, T.; Hung, A.L.; Kim, E.S.; Wu, A.; Xia, Y.; Belcaid, Z.; Gorelick, N.; Choi, J.; et al.
Contrasting impact of corticosteroids on anti-PD-1 immunotherapy efficacy for tumor histologies located within or outside the
central nervous system. OncoImmunology 2018, 7, e1500108. [CrossRef] [PubMed]

29. Greenstein, S.; Ghias, K.; Krett, N.L.; Rosen, S.T. Mechanisms of glucocorticoid-mediated apoptosis in hematological malig-nancies.
Clin. Cancer Res. 2002, 8, 1681–1694. [PubMed]

30. Xing, K.; Gu, B.; Zhang, P.; Wu, X. Dexamethasone enhances programmed cell death 1 (PD-1) expression during T cell activation:
An insight into the optimum application of glucocorticoids in anti-cancer therapy. BMC Immunol. 2015, 16, 39. [CrossRef]
[PubMed]

31. Scott, S.C.; Pennell, N.A. Early Use of Systemic Corticosteroids in Patients with Advanced NSCLC Treated with Nivolumab.
J. Thorac. Oncol. 2018, 13, 1771–1775. [CrossRef] [PubMed]

32. Ricciuti, B.; Dahlberg, S.E.; Adeni, A.; Sholl, L.M.; Nishino, M.; Awad, M.M. Immune Checkpoint Inhibitor Outcomes for Patients
with Non–Small-Cell Lung Cancer Receiving Baseline Corticosteroids for Palliative Versus Nonpalliative Indications. J. Clin.
Oncol. 2019, 37, 1927–1934. [CrossRef] [PubMed]

33. De Giglio, A.; Mezquita, L.; Auclin, E.; Blanc-Durand, F.; Riudavets, M.; Caramella, C.; Martinez, G.; Benitez, J.C.; Martín-Romano,
P.; El-Amarti, L.; et al. Impact of Intercurrent Introduction of Steroids on Clinical Outcomes in Advanced Non-Small-Cell Lung
Cancer (NSCLC) Patients under Immune-Checkpoint Inhibitors (ICI). Cancers 2020, 12, 2827. [CrossRef] [PubMed]

34. Drakaki, A.; Dhillon, P.K.; Wakelee, H.; Chui, S.Y.; Shim, J.; Kent, M.; Degaonkar, V.; Hoang, T.; McNally, V.; Luhn, P.; et al.
Association of baseline systemic corticosteroid use with overall survival and time to next treatment in patients receiving immune
checkpoint inhibitor therapy in real-world US oncology practice for advanced non-small cell lung cancer, melanoma, or urothelial
carcinoma. OncoImmunology 2020, 9, 1824645. [CrossRef]

35. Paderi, A.; Giorgione, R.; Giommoni, E.; Mela, M.; Rossi, V.; Doni, L.; Minervini, A.; Carini, M.; Pillozzi, S.; Antonuzzo, L.
Association between Immune Related Adverse Events and Outcome in Patients with Metastatic Renal Cell Carcinoma Treated
with Immune Checkpoint Inhibitors. Cancers 2021, 13, 860. [CrossRef] [PubMed]

36. Schwartz, L.H.; Seymour, L.; Litière, S.; Ford, R.; Gwyther, S.; Mandrekar, S.; Shankar, L.; Bogaerts, J.; Chen, A.; Dancey, J.; et al.
RECIST 1.1–Standardisation and disease-specific adaptations: Perspectives from the RECIST Working Group. Eur. J. Cancer 2016,
62, 138–145. [CrossRef] [PubMed]

37. Seymour, L.; Bogaerts, J.; Perrone, A.; Ford, R.; Schwartz, L.H.; Mandrekar, S.; Lin, N.U.; Litière, S.; Dancey, J.; Chen, A.; et al.
iRECIST: Guidelines for response criteria for use in trials testing immunotherapeutics. Lancet Oncol. 2017, 18, e143–e152, Erratum
in: 2019, 20, e242. [CrossRef]

http://doi.org/10.1080/2162402X.2018.1500108
http://www.ncbi.nlm.nih.gov/pubmed/30524891
http://www.ncbi.nlm.nih.gov/pubmed/12060604
http://doi.org/10.1186/s12865-015-0103-2
http://www.ncbi.nlm.nih.gov/pubmed/26112261
http://doi.org/10.1016/j.jtho.2018.06.004
http://www.ncbi.nlm.nih.gov/pubmed/29935305
http://doi.org/10.1200/JCO.19.00189
http://www.ncbi.nlm.nih.gov/pubmed/31206316
http://doi.org/10.3390/cancers12102827
http://www.ncbi.nlm.nih.gov/pubmed/33007977
http://doi.org/10.1080/2162402x.2020.1824645
http://doi.org/10.3390/cancers13040860
http://www.ncbi.nlm.nih.gov/pubmed/33670634
http://doi.org/10.1016/j.ejca.2016.03.082
http://www.ncbi.nlm.nih.gov/pubmed/27237360
http://doi.org/10.1016/S1470-2045(17)30074-8

	Introduction 
	Results 
	Patient Characteristics 
	Profile of Steroids Treatment 
	Relationship between Steroids Treatment and Patient Outcome 

	Discussion 
	Materials and Methods 
	Patients 
	Statistical Analyses 

	Conclusions 
	References

